Abstract Cochlear implantation (CI) has been established worldwide as the surgical treatment for individuals with bilateral severe to profound hearing loss. This is a safe and standard procedure in the hands of experienced implant surgeons. Complications due to surgery are minimal and are often encountered in cases with congenital anomalies of the temporal bone and inner ear. Complications in CI are related to malfunctioning of the device or the process of wound healing. In most cochlear implant centers, as the surgeon's skill and clinical expertise in managing various cochlear implant cases improves with years of experience, the complication rates in his series ideally come down over time. Over the years, these well experienced clinics become tertiary referral centers for CI, receiving many difficult cases for implantation and hence such centers report data on complications, which become an important reference for many aspiring implant surgeons. Our study, performed in a premier CI centre in Chennai, looks at the various complications which were encountered in a case series of 300 implantees. Retrospective descriptive study with data collected from operative notes, patient questionnaires, auditory habilitation registers and medical records of cochlear implantees operated between, November 2006 to November 2010. A spectrum of major and minor complications, were categorized. Their incidence rates in relation to the demography of the patient profile and various events during surgical procedure were documented and analyzed.
Introduction
Cochlear implants are auditory prostheses designed to link an internal device that is interfaced with the cochlear nerve to an external device that uses a specific speech coding strategy to translate acoustic information into electric stimulation. Cochlear implantation (CI) has become a standard procedure for the rehabilitation of profoundly deaf post-lingual adults and pre-lingually and post-lingually deafened children. Pre-lingually deafened children acquire speech and language through central plasticity resulting from stimulation by the auditory prosthesis. Post-lingually deafened children and adults, and those with significant hearing loss deriving only marginal benefit from hearing aids, are appropriate cochlear implant candidates. Implantation at an early age results in the best auditory verbal outcomes. The selection of children must be conducted with extreme care and requires detailed discussion regarding expectations and objectives. The type and degree of any additional disability will have a sustained influence on the surgery and outcomes of implantation.
World literature has highlighted a multitude of Complications in Cochlear Implant Surgery [1] . Although most complications are only transient, few remain permanent and need intensive management. The immediate complications include Facial paralysis, meningitis, wound infection, skin necrosis, misplacement of electrode array and short-term increase in tinnitus. The Long term complications are Gradual hearing deterioration, device failure, extrusion of electrode array, extrusion of implant through scalp, facial nerve twitching on stimulation, partial or total facial nerve paralysis, long term balance disturbance, troublesome numbness of scalp and troublesome taste disturbance. Meningitis is a rare but serious complication after CI and is of concern in every case in the immediate postoperative period, especially in cases where a cerebrospinal fluid gusher is encountered at the time of surgery. The presence of inner ear anomalies especially Mondini's deformity with an enlarged vestibular aqueduct should alert the surgeon to the potential for CSF leaks and appropriate intra-operative measures need to be taken. Even though CI increases the incidence of otogenic meningitis, this complication in the present day does not preclude the surgery since all patients are given prophylactic vaccines as a part of the pre-operative workup [2] .
The complication of peri-operative facial nerve paralysis is rare, especially in experienced centers [3] . Patients with anatomical anomalies of the cochlea may have an anomalous facial nerve course with an increased risk of facial nerve injury intra-operatively. The types of facial nerve injury may be either a mechanical or thermal trauma during surgery or a post-operative edema compressing the nerve. If an intra-operative trauma is identified then facial nerve decompression needs to be done. Post-op edema is often self-limiting and can be managed with tapering doses of steroids. Rarely a complication of facial nerve twitching can happen during 'Switch-On' or mapping, which can be troublesome to the implantee. Initial management includes switching off those electrodes which are in contact with facial nerve and readjusting the mapping threshold of the adjacent electrodes. Rarely, in severe cases, surgical intervention is required and as the last viable option, a silastic sheet may be placed between the facial nerve sheath and the electrode array in order to solve the problematic facial twitching induced by electrical stimulation via CI. If this does not succeed, explantation may have to be done, with a further option of implantation in the other ear [7] .
Cochlear implant electrode extrusion out of the cochlea is a rare occurrence since a strong tissue interface forms between the electrode and the cochlear contents within few days of implantation, hence most extrusions are noted within the first week of implantation [9] . Movement of only few electrodes may not compromise performance, but multiple electrode migration will require revision surgery for reinsertion of the electrode array [4] . Immediate device malfunction may occur as a result of a manufacturing defect, trauma to the electrode during insertion, or improper electrode placement. These complications can be detected intra-operatively and possibly avoided by delicate handling of the device and appropriate intra-operative electrophysiological monitoring. Telemetry and interelectrode impedance measurements, electrical auditory brain stem responses, evoked stapedial reflex thresholds, and auditory compound action potentials can be obtained, confirming device integrity and central nervous system response to stimulation [5] .
Delayed device failure is reported worldwide in approximately 1.5% of implanted devices. Causes of failure and the need to re-implant may be due to receiver/stimulator malfunction, electrode shorting, insulation breakdown, or ceramic case cracking as a result of trauma. Audiologic, psychophysical, and crystal integrity testing are used to confirm device failures [5, 6] .
Objective of the Study
Our study evaluated the morbidity profile and complications associated with CI surgery.
Materials and Methods
This retrospective study was performed in 300 patients who underwent CI at Madras ENT Research Foundation from November 2006 to 2010. All patients were diagnosed to have severe to profound bilateral cochlear hearing loss by a detailed history, clinical examination and a battery of audiological and radiological investigations. As per the standard protocols formulated in the Consensus Document of the Cochlear Implant Group of India, 2004 (www.cigi.in) all patients underwent CI during the above period.
For this study, data were extracted from medical records, including patient age, gender, linguality, and status of the cochlea, presence of multiple handicaps/syndromes, and date of implantation, complications, and its management. The age spectrum for 300 implantees ranged from 1 to 90 years and they had varied spectrum of etiologies causing deafness.
Implantees have been followed up regularly after implantation during in-house auditory verbal habilitation for 1 year and subsequently at yearly intervals after the first year. The operation was carried out by same surgeon using standard techniques of posterior tympanotomy and cochleostomy. The soft-tissue approach has changed over the years, beginning with the extended postaural approach to the small lazy 'S' post aural incision now used in the CI program.
After the surgery, patient was kept as in hospital for 2-3 days and given parenteral antibiotics. Compressive mastoid dressing was changed on second postoperative day and patient was discharged with oral antibiotics. Post aural sutures were removed on tenth postoperative day. Wound status was assessed for any complication. Switch-on of the device was done on 21st postoperative day and implantee starts attending Auditory Verbal Habilitation Clinic immediately after. Periodic mapping of the implant was done by the same audiologist and individualized attention is given to each implantee by the same teacher throughout the habilitation period.
Surgical complications were divided into peri-operative for those occurring during and up to 24 h after surgery, early complications for those arising within a week of surgery, and late complications for those presenting beyond 1 week. A major surgical complication was defined as an adverse event occurring during or after surgery that necessitated hospitalization and additional surgical intervention, or a permanent disability such as persistent facial weakness. Major complications in our case series were electrode extrusion, magnet migration, CSF Leak, Chronic Suppurative Otitis Media, facial palsy, device failure (software malfunction or damage due to trauma), bio-film, meningitis and foreign body reaction to implant. Minor complications were defined as those managed by medical measures as outpatient or by a minor surgical procedure under local anesthesia. Minor complications in our case series were flap wound infection, facial nerve twitching, post-operative vertigo/tinnitus, wound hematoma, taste disturbance and scalp numbness. The data collected was analyzed by a biostatistician using analytical software SPSS 2.1 applying the Chi-square and ANOVA methods and statistically significant results were derived. The results are displayed in Table 1 and the guidelines formulated for management of various complications are presented in Table 2 .
Discussion
An understanding of the criteria used by different centers for reporting major and minor complications is necessary to make valid comparisons. Our study includes morbidity factors like post-operative vertigo, tinnitus, and scalp numbness/paraesthesia and taste disturbances into the minor complications, since they need to be attended to specifically by the implant team and adequate measures need to be taken in order to alleviate the symptoms of the implantee. Mechanical failures of the device are included as complications in several studies. Our study also includes device failure as part of complication, since it involves a revision procedure. Similarly, in a few studies, perilymph/ CSF leaks amounting to ''gushers'' were reported not as complications, but as intra-operative findings. We have included only massive CSF gushers which required immediate intervention into the study as surgical complications. Therefore, a consensus is needed to establish an agreed framework for reporting complications of cochlear implant surgery to compare results between and within series, both in children and in adults.
On exploring the association of complication rate and time after surgery, it was interesting to note that most of the major complications occurred, or their initial diagnosis was made, in less than 1 year after implantation. With regard to minor complications, 40 (of the total 62) occurred within 1 week, and 22 minor complications occurred 1 week after surgery. This suggests that, although complications may be encountered many years after implantation, most of them occur very close to the surgical procedure. An interesting case of magnet migration in a cochlear implantee, 8 years after implantation has been found in our case study and this has already been reported in literature (Fig. 1) .
On analyzing the association of the syndromic deafness and complication rates, our study shows that there is no correlation between the syndromic deafness with complication rate except for the intra-operative perilymph gush which is associated with common cavity deformity and Mondini's deformity, risk of facial nerve injury due to anomalous course and electrode extrusion due to malformed cochlear lumen.
It is notable to highlight a few anesthetic complications which may happen during surgery in syndromic children. One patient with Jervell and Lange-Nielsen syndrome with prolonged QT interval, needed to have intensive cardiac monitoring during implantation. Children with cerebral palsy, epilepsy, autistic spectral behavior disorders and mental retardation also require special anesthetic care 
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Repositioning of magnet into receiver-stimulator coil and securing with sutures/bolsters S164 Indian J Otolaryngol Head Neck Surg (January 2014) 66(Suppl 1):S161-S168 during surgery. Special group of children with multiple handicaps like those noted in Usher's syndrome (deaf blind) need implantation at the earliest prior to onset of the blindness due to progressive retinitis pigmentosa. Habilitation in these children is an extremely tedious task and requires experienced professionals for training with special assessment and therapeutic tools. Two children with Alport syndrome and Branchiootorenal syndrome, who had renal anomalies required a nephrologist intervention prior to and during implantation under GA. In our study a total of 300 patients in the age range of 1 year to 90 years, underwent CI surgery at our hospital from November 2006 to 2010. The age specific categorization was into group I (pre-lingual)-224/300 with age \ 6 years, group II (peri lingual)-41 patients with age 6-16 years and group III (post-lingual)-35 patients who were above 16 years. In the group I pre-lingual category 32 children were syndromic associated with additional handicaps and congenital anomalies. The other 192 children were non-syndromic and having normal inner ear anatomy. In all congenital cases a complete screening was performed for identifying syndromes, including the TORCH panel, ophthalmologic examination and genetic mapping. In our study, we found most of the complications (70%) in the age group of 0-6 years, this was due to predominantly pediatric population in our study (n = 224/ 300). However, there is no statistical evidence to show that the complication rates are higher in the younger age groups, since the older patients were of a smaller sample size. 195 patients received various models of the MED-EL implant, while 84 patients received the Nucleus 24 implants, 21 patients received Advanced Bionics implants.
Liu et al., in his study reported major complications to be 3.9% and minor complications to be 2.9%. In the largest single-center pediatric series to date, Kempf et al., reported on 366 children who underwent implantation, in whom 12 complications (3%) would fit our criteria as major [7, 8] . In our study of 300 patients, surgical complications were encountered in 92 (30.66%) patients out of whom, 30 patients (10%) were major complications and 62 (20.66%) were minor complications. Nine complications (3%) were intra-operative, 63 (21%) were early post-operative complications and 20 (6.6%) were delayed complications. Overall, revision surgery was performed in 22 patients who had major complications. Device had to be replaced in 14 patients.
The most common intra-operative complication noted was major CSF leak associated with large vestibular aqueduct syndrome, common cavity deformity or Mondini's deformity of cochlea in nine cases (3%). It was successfully managed intra-operatively by adequate reduction in CSF pressure with anesthetic measures and by using IV 20% Mannitol drip and by a tight cochleostomy seal after implantation. In two other children, minor perilymph leak arising from the cochleostomy site were self-controlled intra-operatively without any further problems and were not regarded as surgical complications.
The most common surgical and post-surgical complications reported in literature have been related to the scalp flap, with a reported frequency of nearly 5% in some series [9, 10] followed by kinked, improperly placed electrodes and facial nerve paresis. In the report by Cohen et al., 22 cases (4.8%) of major flap necrosis occurred in a series of 459 cases. The same authors, in a more recent publication, report 63 major complications and 20 minor complications, secondary to flap compromise in a series of 2,751 Nucleus devices implanted in adults and children [11] .
In our study group, among the minor complications the commonest were scalp numbness/paresthesia over the transmitter coil region of scalp (14 patients i.e., 4.6%), followed by tinnitus and taste disturbances (10 each i.e., 3.3%) and vertigo (9 i.e., 3%). Post-operative vertigo is a noted complication which can happen due to CI inducing transient paresis of the adjoining saccule and associated electrical stimulation of the vestibular nerve endings resulting in sacculo-colic dysfunction. This condition is most often subtle and self-limiting due to central vestibular compensation. Troublesome vertigo will settle with labyrinthine sedatives for few days. In a study by Kubo et al. post-operative vertigo incidence was 12.4%. In our study, we had nine implantees (3%), who had giddiness, which developed typically between second and eighth post-operative day and all these implantees were post-lingual adults above 30 years of age [12] .
There were eight children (2.6%) in our study group, who developed a Seroma that occurred typically 24 to 48 h postoperatively. The serous fluid was aspirated and the swelling regressed within few days. Six other implantees Fig. 1 X-ray and Intra-operative picture revealing displaced position of the migrated magnet in relation to receiver-stimulator coil developed flap infection. All of them were treated with IV antibiotics and four implantees recovered well. A major scalp infection with tissue necrosis and exposure of the RS coil occurred in two patients and they required a flap revision surgery after adequate control of the wound infection (Figs. 2, 3, 4, and 5 ). There is a small but real risk of severe post-operative infection that, despite intensive treatment, will require explantation. This was the case in four patients in the current study in whom, the infections occurred after the operative wounds had healed initially. This has been increasingly reported in recent time due to the formation of a bio-film over implants, especially on the receiver-stimulator coil surface. Initial management would be conservative with administration of IV and oral antibiotics. Few cases have responded to treatment with Rifampicin and Tetracycline. However, refractory cases with multidrug resistant organisms eventually end up in explantation and they were re-implanted at a subsequent date.
In our study, totally 14 (4.6%) explantations were done. Most common reason for explantation was device failure (n = 5 of which one patient had soft failure and four patients had trauma with hard failure). The next common reason for explantation was bio-film (four patients), CSOM (three patients) and a persistent foreign body reaction to the implant in two patients. These children had to be reimplanted at a later date. In children with persistent foreign body reaction, the other ear was preferred for re-implantation. It is seen that Children are thought to be at increased risk for device failure, possibly due to higher risk of trauma to implant while at play. Device failure in our study was 1.6%. Fayad et al. has reported 0.8-15.8% failure rate depending on the type of device used in adults while . Jeyakumar and Clary reported 3% device failure rate among pediatric implantees [13, 14] . 
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In our institute, a total of four electrodes extrusions were noted, of which one patient accidentally pulled out the electrode while cleaning the ear by self and two electrodes extruded due to CSOM and one extruded spontaneously (Fig. 6 ). Both the patients with CSOM induced electrode extrusion underwent canal wall down mastoidectomy for disease clearance, followed by a blind sac closure and mastoid cavity obliteration prior to re-implantation in the same ear after a disease free period of 3 months. Re-implantation is advised in the same ear due to the presence of viable spiral ganglion cells neutrally reorganized for receiving electrical stimuli via the implant [15] . Major complications of CIs, which require surgery, are about 8%, while minor complications are about 4%, as reported by Hoffman and colleagues [16] . In the study by Kubo et al., revision surgery was performed in 13% of total patients who underwent CI, and hardware failure occurred in 4% of those cases. [12] .
In our case series, three patients (1%) developed facial palsy after implantation. The risk of post-operative facial paresis has decreased from 1.74% in 1995 to 0.41% as per world literature. In our study two patients (0.6%) developed meningitis which is in comparison to a study by Cunningham et al., who reported one case of meningitis (0.2%) in their case series of 450 patients [17] .
In two children with congenital malformation of the middle ear/mastoid, a congenital posterior canal wall dehiscence was noted during surgery and tragal cartilage was used for canalplasty. In three other children, the posterior wall of the bony external auditory canal was inadvertently fenestrated during the drilling of the posterior tympanotomy. These canal wall defects were reinforced intra-operatively with tragal cartilage. These children with posterior canal wall defects did not encounter any other complications and hence were not included as a part of our study group.
Conclusion
Major complication rates continue to decrease over time, and this decline is undoubtedly related to surgical experience, more training courses for surgeons, and the attention to and prevention of past mistakes. Delicate handling and proper device fixation during surgery is imperative. The management of complications, when they do occur, can be challenging, and consultation with colleagues at experienced centers might be of great benefit to the physician faced with a difficult clinical situation.
Continued surveillance and documentation of complications and results with reporting of management protocols in literature will enhance the knowledge and learning curve of prospective cochlear implant surgeons in their future endeavors. All centers should report surgical complications in detail and their management by which the accumulated knowledge would potentially contribute to a lower rate of complications and lower morbidity in cochlear implant surgery. This report of our experience with 300 cochlear implantees reveals that complication rates at our center which are in comparison with reputed centers worldwide. CI is very safe in the long term, and provides optimal auditory awareness with speech perception and intelligibility for profoundly deaf individuals giving them an avid opportunity to integrate within the normal society.
